This study evaluated the efficacy of extended field irradiation (EFI) in patients with locally advanced cervical cancer without para-aortic nodal involvement.
Introduction
The spread of cervical cancer usually exhibits stepwise progression, from regional pelvic lymph nodes to para-aortic lymph nodes (PAN), followed by distant metastases with the prevalence of PAN metastases increasing progressively with stage [1, 2] . Extended field irradiation (EFI) has therefore been utilized for treatment of occult PAN metastases in patients with advanced cervical cancer [2] [3] [4] [5] [6] [7] . One randomized trial found that EFI had no effect on locoregional tumor control, but showed an association with increased overall survival (OS) rate [3] , whereas a second randomized trial found that EFI did not affect locoregional control or survival, but reduced the rates of PAN and distant metastases without pelvic failure [4] . In both studies, the decision to treat PAN was difficult, because of significant late complications.
The use of concurrent chemoradiotherapy (CCRT) has complicated findings regarding the efficacy and safety of EFI [7] [8] [9] [10] . In a comparison between EFI without chemotherapy and pelvis only field with CCRT in patients with locally advanced cervical cancer, CCRT significantly improved survival rate but had no effect on late toxicity [8] . In contrast, many retrospective studies have shown that EFI with CCRT is effective: thus, whether the combination of EFI with CCRT is effective or not because of associated toxicity is unclear [2, 9, [11] [12] [13] .
This study therefore assessed the efficacy of EFI in patients with locally advanced cervical cancer without PAN involvement.
Materials and Methods

Patient characteristics
Between January 1996 and December 2010, 241 patients with locally advanced cervical cancer underwent radiotherapy as primary treatment at Keimyung University Dongsan Medical Center. Of 241 patients, 14 patients with an incomplete course of radiotherapy, 20 patients without regular follow-up after completion of radiotherapy, and four patients with neuroendocrine carcinoma were excluded, and 203 patients were analyzed in this study. Locally advanced cervical cancer was defined according to International Federation of Gynecology and Obstetrics (FIGO) staging as stage IB2, IIA (tumor size > 40 mm or pelvic lymph node metastases), IIB, IIIA, and IIIB [14] . Patient evaluation included medical history, pelvic examination, complete blood count, including hemoglobin concentration, liver and renal function tests, urinalysis, and chest radiography. Patients also underwent pelvic magnetic resonance imaging (MRI) or computed tomography (CT) for evaluation of tumor size and lymph node status. Malignancy criteria for lymph node metastases were a lymph node with diameter of 1 cm or more, spherical shape or having central necrosis [15] . Radiologic examination showed that none of these patients had PAN metastases. None of the patients had undergone surgical evaluation for lymph node metastases. Performance status was evaluated according to the Eastern Cooperative Oncology Group (ECOG) score [16] .
Treatments
All patients received external beam radiotherapy (EBRT), followed by high dose-rate brachytherapy. EBRT was delivered with 6 to 20 mega-voltage photon beams using 4-field box techniques. Of the 203 patients, 115 (56.7%) were treated with a pelvis only field, as irradiation of the entire pelvis with the L4-L5 interspace as the superior border. The L5-S1 interspace was considered the superior border in patients who were relatively older or in poor general condition. The L3-L4 interspace was considered the superior border in patients who had extensive pelvic lymph node involvement. The remaining 88 patients (43.3%) were treated with EFI, defined as irradiation of the entire pelvis and PAN area with continuous fields using 4- Ir was used thereafter. Under local anesthesia, tandem and ovoids were inserted and the radioisotope was applied using a remote after loading system. Patients were treated twice weekly with 5 Gy per fraction at A-point. Median brachytherapy dose to A-point was 30 Gy, ranging from 20 to 35 Gy. Combining the EBRT dose with brachytherapy dose, median total biologically equivalent dose for a 2 Gy fraction to A-point was 85.8 Gy, ranging from 77 to 90.6 Gy. The median overall treatment time was 64 days, ranging from 52 to 90 days.
Platinum based chemotherapy regimens were administered concurrently to 133 patients (65.5%). Until 2002, 37 patients received two cycles of continuous infusions of 5-fluorouracil and cisplatin every four weeks. Forty-nine patients received three cycles of paclitaxel and carboplatin or cisplatin every three weeks until 2006 and, since then, 47 patients received cisplatin every week. None of the patients received consolidation chemotherapy after completion of CCRT, but 12 patients underwent radical hysterectomy.
During treatment, each patient's performance status and complete blood count were evaluated weekly. Red blood cell transfusions were administered to patients with hemoglobin levels below 10 g/dL. When the absolute neutrophil count was below 1,000/mm 3 or the platelet count was below 50,000/mm 3 , treatment was delayed until the blood count recovered.
In summary, four different treatment modalities were used in this study: EFI with CCRT in 62 patients (30.5%), pelvis only field with CCRT in 71 patients (35.0%), EFI without chemotherapy in 26 patients (12.8%), and pelvis only field without chemotherapy in 44 patients (21.7%).
Values are presented as number (range or %). EFI, extended field irradiation; ECOG, Eastern Cooperative Oncology Group; SqCC, squamous cell carcinoma; FIGO, International Federation of Gynecology and Obstetrics; LN, lymph nodes. 
Follow-up and response evaluation
After completion of treatment, patients were evaluated regularly by radiation oncologists and gynecologic oncologists. Responses were defined as follows: complete response (CR), disappearance of the gross tumor on pelvic examination or pelvic MRI or CT; partial response (PR), ≥ 30% reduction of the initial tumor volume; progressive disease (PD), a ≥ 20% increase in tumor volume or occurrence of a new lesion; and stable disease, neither sufficient shrinkage for PR nor sufficient increase for PD [17] . Failure patterns were classified according to two different categories: locoregional failure, any recurrences in the pelvis, including the primary cervix and pelvic lymph nodes; distant metastases, both PAN metastases and metastases to distant lymph nodes or organs. Treatment-related toxicities were graded according to Common Terminology Criteria for Adverse Events ver. 4.0.
Statistical analysis
OS was calculated from the start of treatment to death from any cause or last follow-up visit. Disease-specific survival (DSS) was calculated from the start of treatment to death from disease or last follow-up visit. Disease-free survival (DFS) was calculated from the end of treatment to the date of disease failure or last follow-up visit. The Kaplan-Meier method was used for calculation of OS and DFS, and the log-rank test was used for evaluation of prognostic factors. The chi-square test was used for comparison of patient characteristics and other factors between two groups. A p < 0.05 was considered statistically significant. All statistical analyses were performed using IBM ver. 20.0.0 (IBM Co., Armonk, NY). Table 1 shows the characteristics of the 203 included patients. The median age was 59 years and ranged from 28 to 83 years. Most patients had an ECOG performance status of 0 to 1. Pathologic examination showed that 179 patients (88.2%) had squamous cell carcinomas, 16 patients (7.9%) had adenocarcinomas, six patients (3.0%) had adenosquamous carcinomas, and two patients (1.0%) had poorly differentiated carcinomas. Patients in the EFI and pelvis only field groups differed with regard to age, pelvic lymph node involvement, and tumor size. In the EFI group, patients were younger and a higher percentage of patients had pelvic lymph node involvement and large (> 40 mm) tumor size.
Results
Patient characteristics
Response and patterns of failure
Three months after completion of treatment, 197 patients (97.0%) achieved CR and six (3.0%) achieved PR, with similar response rates in patients treated with EFI and pelvis only field (p=0.615). The median follow-up period was 60 months (range, 4 to 184 months). At the time of the last follow-up, 133 patients (65.5%) were alive without evidence of disease, three (1.5%) were alive with disease, 46 (22.7%) had died from cervical cancer, and 21 (10.3%) had died from other causes.
Disease failure was observed in 51 patients (25.1%). Table  2 shows patterns of failure. Locoregional failures were observed in 27 patients (13.3%), including 15 with local failure including the cervix or vagina, and two with regional failure, defined as recurrences within the pelvic irradiation fields. Four patients showed both local and regional failure. Six patients who achieved PR after completion of treatment were included in locoregional failure. Twenty-nine patients (14.3%) had distant metastases, including three with PAN metastases, 22 with metastases to supraclavicular nodes or distant organs, and four with both. Of these 29 patients, 12 had been treated with EFI and 17 with pelvis only field. No statistically significant differences were observed between the two groups (p=0.590). Para-aortic metastases were observed in seven patients (3.4%), four treated with EFI and three with pelvis only field, however, the occurrence rates did not differ significantly between the two treatment groups (p=0.454). Of the patients who experienced distant metastases, nine had pulmonary metastases; four had hepatic metastases; four had distant lymph node metastases, including metastases to the left and right supraclavicular nodes; three had bone metastases; three had carcinomatosis peritonei; two had brain metastases; and one had transverse colon metastases. Disease failure was observed in 20 patients (22.7%) in the EFI group and in 31 (27.0%) in the pelvis only field group (p=0.495). Regarding patterns of failure in the two groups, we observed no significant between-group differences in locoregional, PAN, and distant failures. 
Survival
The 2-and 5-year OS rates were 87.8% and 73.5%, respectively. The 2-and 5-year DSS rates were 89.6% and 78.7%, respectively. The 2-and 5-year DFS rates were 81.7% and 75.0%, respectively. Patients treated with EFI had 2-and 5-year OS rates of 87.0% and 71.7%, whereas patients treated with pelvis only field had 2-and 5-year OS rates of 88.4% and 74.8%, respectively (p=0.699) (Fig. 1) . Similar 2-and 5-year DSS rates were observed for patients treated with EFI (90.3% and 77.4%, respectively) and pelvis only field (89.2% and 79.5%, respectively) (p=0.791). Similar 2-and 5-year DFS rates were also observed for patients treated with EFI (82.2% and 75.8%, respectively) and pelvis only field (81.4% and 74.5%, respectively) (p=0.668).
When analyzed patients treated with radiotherapy alone without concurrent chemotherapy, the 2-and 5-year OS rates were 92.1% and 72.1% in patients treated with EFI, and 75.0% and 60.5%, respectively, in patients treated with pelvis only field (p=0.056) (Fig. 2) . The 2-and 5-year DSS rates were 95.8% and 82.8% in patients treated with EFI and 76.7% and 69.0%, respectively, in patients treated with pelvis only field (p=0.078). The 2-and 5-year DFS rates were 87.5% and 74.6% in patients treated with EFI and 72.4% and 63.6%, respectively, in patients treated with pelvis only field (p=0.110).
In patients treated with CCRT, however, treatment field had no significant effect on OS or DFS. The 2-and 5-year OS rates were 84.9% and 72.3% in patients treated with EFI, and 97.1% and 84.3%, respectively, in patients treated with pelvis only field (p=0.140) (Fig. 3) . The 2-and 5-year DSS rates were 88.0% and 75.0% in patients treated with EFI and 97.1% and 86.2%, respectively, in patients treated with pelvis only field (p=0.175). The 2-and 5-year DFS rates were 80.0% and 78.0% in patients treated with EFI and 87.0% and 81.3%, respectively, in patients treated with pelvis only field (p=0.379). 4 shows OS curves for the four treatment modalities. Significantly lower OS was observed in patients treated with pelvis only field without chemotherapy than in the other three groups (p=0.001). However, no significant intergroup differences in OS were noted among the other three treatment modalities. Table 3 shows the results of univariate analysis for prognostic factors associated with OS and DFS. Good ECOG performance status (p=0.003), low FIGO stage (p=0.043), and use of concurrent chemotherapy (p=0.001) were prognostic factors for prolonged OS. All three factors remained statistically significant in multivariate analyses. Squamous cell pathology (p=0.018) and use of concurrent chemotherapy (p=0.035) were the only prognostic factors for DFS.
Prognostic factors
Toxicities
A summary of acute and late grade 3-4 toxicities is shown in Table 4 . Acute grade 3-4 toxicities were observed in 11 patients (5.4%). Nine patients (4.4%) experienced hematologic toxicities, including anemia and neutropenia, but all patients were properly managed and recovered sufficiently to continue treatment. Two patients (1.0%) experienced grade 3 diarrhea and received treatment as inpatients. No serious acute genitourinary toxicities were noted. Late grade 3-4 toxicities were observed in six patients (3.0%). Two patients (1.0%) experienced late gastrointestinal toxicities: one was treated with pelvis only field and experienced perforation of the small intestine and one was treated with EFI and experienced rectal perforation. Both patients were managed surgically. Four patients (2.0%) experienced late genitourinary toxicities. One patient experienced urinary Values are presented as number (%). EFI, extended field irradiation. tract obstruction and still remains in stent insertion state, whereas the other three experienced grade 3 hematuria. No significant differences in the rates of acute or late grade 3-4 toxicities were observed between patients treated with EFI and pelvis only field. Late toxicities occurred in the entire pelvic field, not in the PAN area. Treatment with CCRT had no significant effect on toxicity rates.
Discussion
In recent decades, radiotherapy has become the standard treatment for patients with locally advanced cervical cancer. EBRT followed by intracavitary brachytherapy was the standard treatment until the 1990s; since then, CCRT has become the standard treatment method [7, [18] [19] [20] [21] [22] . To date, however, the role of EFI has not been clearly established, especially in patients undergoing CCRT [3, 7] . In the absence of concurrent chemotherapy, EFI significantly enhanced OS [3] . The 5-and 10-year OS rates were estimated to be 67% and 55% for patients treated with EFI, and 55% and 44%, respectively, for patients treated with pelvis only field. Although a second randomized study found no significant difference in OS, the rate of distant metastases with local control was 2.4-fold greater and the rate of PAN metastases was 2.8-fold greater in patients treated with pelvis only field than in patients treated with EFI [4] .
The results observed in the absence of concurrent chemotherapy were similar to these earlier findings. Higher 5-year OS rates were observed in patients treated with EFI than in patients treated with pelvic irradiation alone (72.1% vs. 60.5%). In the absence of concurrent chemotherapy, although the difference was marginally significant (p=0.056), prophylactic irradiation of the PAN area may be effective if toxicity is not a concern. However, in a previous randomized trial, the cumulative incidence of grade 4 and 5 toxicities was higher in patients treated with EFI (8% vs. 4%), with the difference being much greater in patients who had surgical staging or had undergone previous abdominal surgery [3] . Similarly, a second randomized trial showed that severe digestive complications were 2.3-fold more frequent in patients treated with EFI [4] . In this study, however, the incidence of toxicities did not differ significantly.
A trial comparing EFI without chemotherapy and pelvis only field with CCRT using 5-fluorouracil and cisplatin in patients with locally advanced cervical cancer found that OS and DFS were longer in the latter group, with 5-year OS rates of 52% and 73%, respectively [8] . However, the rates of para-aortic failure did not differ between these two groups, and OS benefits were statistically significant only in stage IB to IIB patients. Several studies have evaluated the efficacy of EFI with CCRT [6, [10] [11] [12] [13] 23] . A phase I/II trial found that concurrent extended field CCRT with high dose-rate brachytherapy yielded a 5-year OS rate of 77%, with serious bowel toxicity observed in 6% of patients, suggesting that this regimen is safe and effective [12] . In this study, concurrent chemotherapy significantly increased OS compared with radiotherapy alone (p=0.001), however, treatment field had no benefit, with 5-year OS rates of 72.3% in patients treated with EFI and 84.3% in patients treated with pelvis only field (p=0.140).
The toxicity findings in patients treated with EFI plus CCRT are conflicting [2] . One trial reported acute hematologic toxicity and acute gastrointestinal toxicity rates of 10% and 2%, whereas another reported rates of 77.5% and 25%, respectively [3, 20] . In this study, 4.8% of patients who received EFI with CCRT had acute hematologic and 1.6% had acute gastrointestinal toxicities, with no difference in toxicity rates according to treatment field. Only one patient experienced late toxicity, compared with 2% to 14% of patients in previous studies [2] .
Patients in this study were treated with four different treatment modalities: EFI with or without concurrent chemotherapy, pelvis only field with or without concurrent chemotherapy. Significantly lower OS was observed in patients treated with pelvis only field without chemotherapy than in the other three groups. These results suggest that EFI may be reliable in the absence of chemotherapy by reducing the risk of systemic metastases. When combined with CCRT, however, the efficacy of EFI seems to be decreased, because chemotherapy has cytotoxic effects in controlling micrometastases of PAN and has radiation sensitizing effects in controlling pelvic disease [24] . This study was designed to show the efficacy of EFI and the results shed much light on the use of EFI. However, there were still some limitations, including the retrospective design. Because this study was not prospective, patients were not well matched in the treatment field groups and CCRT groups. Patients treated with EFI tended to be younger, positive for pelvic node metastases, and to have large-sized tumors. Patients treated with CCRT also tended to be younger and positive for pelvic node metastases. In addition, each group included a different number of patients, making comparisons difficult. In addition, chemotherapeutic regimens differed. From January 2001 to December 2002, 37 patients were treated with 5-fluorouracil and cisplatin. From January 2003 to December 2006, 49 patients were treated with paclitaxel and carboplatin or cisplatin after several studies demonstrated the advantages of these regimens [25] . Since January 2007, 47 patients have received weekly cisplatin on the basis of clinical findings [19, 20] . Although no significant differences in survival were observed among patients receiving these chemotherapeutic regimens, the differences in these regimens may have affected our results. In addition, our evaluation of toxicities was limited. Because this study was retrospective in design and medical records were incomplete, we may have underestimated toxicities.
Conclusion
We found that EFI did not have a significant impact on survival outcomes in locally advanced cervical cancer patients without PAN involvement. Although this study was conducted retrospectively and had some limitations, these results may be useful when determining the optimal radiation treatment fields in patients. In the absence of CCRT, EFI may be appropriate; however, in patients administered concurrent chemotherapy, EFI may not be effective. Conduct of well-designed prospective or case matched studies will be necessary in order to confirm these results.
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